ABSTRACT -Rats exposed to liquid mosquito repellent (LMR) containing allethrin (3.6% w/w) 8-hrs/ day for a period of ninety days did not produce any signs of toxicity or death. Significant increases in relative weight of liver and adrenal in males, brain and thyroid in females were observed. No significant changes were noticed in clinical enzyme profile, gonadal enzymes and histopathology of vital organs except mild changes in the activities of liver and serum alkaline phosphates (ALP), testicular glucose-6-phosphate dehydrogenase (G-6PDH) and epididymal sorbitol dehydrogenase (SDH). Rats exposed to LMR for one generation had not produced changes in their reproductive indices such as fertility index, gestation index, live pups/ dam and sex ratio. There was no change in the preweanling evaluation of pups such as survival and growth index on post-natal days (PND) 0, 4, 7,14 and 21. No significant pathomorphological changes were observed in liver, brain, kidney and gonads of PND 21 pups. Absences of any major adverse effects in the adult as well as weanling rats suggest the safe use of allethrin-based LMR.
INTRODUCTION
Synthetic pyrethroids are one of the important groups of insecticides. These include allethrin, resmethrin, d-phenothrin and tetramethrin, which are used against insects of public health concern and cypermethrin, deltamethrin, fenvelerate and permethrin used to control insects in agriculture. Pyrethroids are broadspectrum insecticides with low mammalian toxicity and rapid rate of degradation. (Hutson and Roberts, 1985) . Allethrin, a mixture of eight stereoisomers, and a Type I pyrethroid, is used as an effective insecticide in commercially available mosquito repellents (mats, coils, sticks and liquidators). It is anticipated that human exposure is mainly through the inhalation of mists from household aerosol spray. The air level following conventional household aerosol in allethrin spraying is not expected to exceed 0.5 mg/m 3 (WHO 1989) . Allethrin has been reported as a weak to moderately toxic pyrethroid with inhalation LC 50 more than 1500 mg/ m 3 in mouse and rat (Tomlin, 1994) . Allethrin, when injected intravenously in rats or intracerebrally in mice, caused severe poisoning syndrome with tremors (WHO, 1989) . In view of the widespread use of allethrin-based liquid mosquito repellent and fragmentary scientific information, it becomes paradoxical that essential data such as general toxicity and reproduction in animals needs evaluation. An attempt has therefore been made to study its repeated 90-day toxicity and one-generation reproduction effects in rats.
MATERIALS AND METHODS

Chemical
Commonly used liquid mosquito repellent containing allethrin 3.6% (w/w), deodorized kerosene 95.94% (w/w) and stabilizer dibutyl hydroxy toluene 0.3% was purchased from local market of Lucknow, India.
Experimental Design
Albino rats (Rattus norvigicus, Wistar strain) of the Industrial Toxicology Research Centre's colony were maintained at controlled room temperature (22 ± 2°C) and humidity (40-60%) with a 12:12 hr light: dark cycle. The animals were given a synthetic pellet diet (M/S Ashirwad India Ltd.) and water ad libitum. After one-week acclimatization, animals were kept in plastic unit cages (14.5'' × 8.5'' × 5.5'') containing a partition of perspex sheet with numerous holes and an electric device for vaporizing the liquid mosquito repellents on one side of the partition (Gupta et al., 1999) . Rats were kept on the other side of the partition and allowed to inhale the LMR.
Experiment A: Ninety-day toxicity
Ten rats of each sex weighing 100 -155 g were kept to inhale liquid mosquito repellent for 8 hrs/day over a period of ninety days. A group of animals kept under similar conditions but left unexposed, was treated as control. All exposed and control animals were observed daily for signs of toxicity and mortality. Body weight and food consumption were monitored and recorded. After ninety days of exposure rats were killed and blood was collected into non-oxalated tubes for estimation of clinical enzymes. The liver, kidney, brain, spleen, gonads (testes, epididymis, uterus and ovary), adrenals and thyroid were quickly removed and weighed individually. The organ body weight ratio was calculated.
Histopathological studies
The liver, kidney, brain, testes and ovary were fixed in 10% formal saline solution. After routine processing of each tissue, paraffin sections were cut at 5µm and stained with hematoxylin -eosin for microscopic examination.
Biochemical studies
Freshly removed liver, testes and epididymis of animals were trimmed free from extraneous material using chilled saline solution and homogenized in 0.25 M ice-cold sucrose solution (10%w/v) in a Potter elevehejem type of homogenizer. The homogenates were centrifuged (700 × g) at room temperature for 10 min to remove cell debris. The supernatants of the liver, testes, epididymis and serum were used for the estimation of various biochemical assays. Serum was used for the estimation of alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), lactate dehydrogenase (LDH), sorbitol dehydrogenase (SDH), glucose-6-phosphate dehydrogenase (G-6-PDH), cholesterol and total protein. However the supernatant of the liver homogenate was used for the estimation of ALT, AST, ALP, LDH and total protein. The supernatant of testes and epididymis was used for the estimation of G-6-PDH, SDH, LDH, ALP, sialic acid and total protein. The activities of ALT, AST and ALP were measured by the method of Wootton (1982) and LDH, SDH, G-6-PDH by the method of Bergmeyer and Bernt (1965), Gerlach (1983) and Duetsch (1983) . However the content of total protein, cholesterol and sialic acid was measured by Lowry et al. (1951) , Zlatkis et al. (1953) and Aminoff (1961) , respectively.
Experiment B: One-generation reproduction study
Sixty rats were used for the one-generation reproduction study. Twenty adult male and forty virgin female rats weighing 200-225 g were exposed to LMR 8 hrs/day for 70 and 14 days respectively before mating. The animals were then mated. LMR was exposed to both sexes during the mating period and thereafter only to female rats during gestation and for the duration of the nourishing period. Timed pregnancies were obtained by keeping males and virgin females in the ratio of 1:2 in unit cage overnight. Females were checked daily and the day on which sperms were found in the vaginal smear was considered as 0 Day of pregnancy. Females which did not conceive were subsequently caged with males for up to 14 days to confirm the evidence of copulation. Fertility index assessed as animals conceived to number of animals paired was expressed as percentage.
The dams were observed daily for signs of toxicity and delivery of offsprings. The day on which delivery occurred was considered as PND 0. Live and dead pups in each litter were counted, sexed and weighed as soon as possible. Sex of pups was determined by measuring the anogenital distance. On PND 4 litters were culled randomly to eight pups (4/sex). Litter count and weight were measured prior and after culling. On PND 0, 4, 7, 14 and 21, pups of each litter were counted and weighed collectively by sex. At each examination period pups were individually handled and examined for morphological anomalies. Any abnormal or dead pups were counted and recorded. Few pups of each sex from control and treated groups were euthanized on PND 21 for the pathological examination of gonads.
Statistical analysis
Statistical analysis between experimental and (Fisher, 1950) . Incidence of reproductive anomalies were calculated nonparametrically using Wilcoxon's rank sum test (Siegal, 1965) .
RESULTS
Experiment A: Ninety-day toxicity 1. Morbidity and mortality Exposure of liquid mosquito repellent to rats at 8 hrs/day for a period of 90 days did not produce any signs of toxicity such as diarrhoea, salivation, tremors, convulsions, nasal bleeding, paralysis and death. Few animals of both sexes showed signs of letharginess till the last phase of the exposure period. There were no significant changes in body weight gain and food consumption.
Relative Organ Weight
The relative organ weights of male and female rats are shown in Table 1 . The relative weight of the liver in both males and females was increased (p < 0.02 -0.001). The relative weight of kidneys and epididymis in males was decreased (p < 0.02) and relative weight of thyroid in females was increased (p < 0.02 ).
Biochemical studies
The biochemical parameters of liver and serum are shown in Table 2 . The hepatic enzyme activity of ALT, AST, LDH and protein level did not show any significant changes in exposed rats. However the activity of hepatic ALP was significantly increased (p<0.001) in both male and female rats. The activity of serum ALT, AST, LDH, SDH, G-6-PDH and the content of protein and cholesterol of exposed rats did not show any significant changes. A significant change (p<0.05-0.02) in the activity of serum ALP was observed in both male and female animals.
The activity of gonadal enzymes such as LDH, ALP and level of protein and sialic acid in testes and epididymis was comparable to control in male rats. A mild decrease (p<0.05) in the activity of testicular G-6-PDH and epididymal SDH was observed (Table 3) . 
Histopathology
Autopsy of LMR-exposed rats for 90 days revealed no significant gross pathological changes in their vital organs. Microscopic examination of liver, brain, kidney, testes and ovary did not show any pathomorphological changes and were comparable to their respective controls.
Experiment B: One-generation reproduction study
Exposure of LMR 8 hrs/day to males for 70 days and females for 14 days before mating, during mating, gestation and lactation period produced, no signs of toxicity nor mortality. There were no significant differences in fertility index, body weight gain, gestation index, live pups/dam and sex ratio of the pups of exposed rats as compared to controls (Table 4) . However, there was no effect on body weight gain (85.3%) of male rats exposed to LMR for 70 days as compared to control (82.49%). F 1 preweanling evaluations of pups have not Table 2 . Biochemical parameters of serum and liver of rats exposed to allethrin-based LMR (8 hrs/day) for 90 days. shown any changes at birth. There were no changes in the number of live pups/ dam on PND 0, 4,7,14 and 21 in rats exposed to LMR. There were few litter losses in control as well as treated dams in the one-generation study, but percent cumulative loss was comparable to control. None of the pups have shown any gross morphological malformations (Table 5) .
On PND 21 gross pathology, vital organs of onegeneration pups did not show any compound-related changes. Microscopic examination of liver, kidney, brain and gonads of male and female pups did not reveal any pathomorphological changes and were comparable to their respective controls.
DISCUSSION
The practice of using mosquito repellents has become very common in different parts of the country. Use of liquid mosquito repellent (LMR) is easiest among mats, coils and sticks. They are generally used overnight; hence their exposure to populations of all age groups and sex is inevitable (Huailu et al., 1995) . Long-term exposure may therefore lead to producing general systemic toxicity and impact on reproductive performance in rats.
The repeated exposure of allethrin-based LMR in the present study for 90 days to rats neither showed any toxic symptoms, nor death of animals except for lethargy in a few animals. The studies of Tenebein (1987) , Dollis et al. (1992) and Thomas and Jerome (1997) have reported similar symptoms of lethargy and death in experimental animals and lethargy in human population with DEET insect repellent. Inhalation of allethrin (3 g/m 3 ) for 4 weeks to mice caused eye discharge and bronchopneumonia on histopathological examination (Naikanishi et al., 1970) . Similarly, in another study long-term inhalation of allethrin as mosquito coil smoke produced ultrastructural changes in alveolar macrophages and focal decilitation of tracheal epiehtlium (Liu and Sun, 1988; Cheng et al., 1992) .
Rats of both sexes have shown a significant Table 4 . Summary of reproductive indices of P1 generation of rats exposed to allethrin-based LMR (8 hrs/day). increase in the relative liver weight as well as increase in liver and serum alkaline phosphatase activity in the present study. In the absence of cellular changes in the liver, increased serum activity of an enzyme may not be organ-specific. The increase in liver alkaline phosphatase may be due to interference of lipid membrane with the bile flow. It may be noted that a significant rise in both tissue and serum level seems to indicate a possible subtle disturbance taking place in the biliary secretion and hepatic dysfunction of animals. (Zimmerman, 1978) . Earlier, Dikshith et al. (1989) reported similar observations in rats exposed to pesticides hexachlorocyclohexane (HCH) and Chlorpropham (CIPC). Other enzymes related to testes, liver and serum were not altered in animals exposed to allethrinbased LMR in the present study, except a decrease in testicular G6-PDH and SDH. The reason for such a decrease could not be explained in the absence of any weight or cellular changes in testes, though testicular enzymes are an indicator for tissue injury (Dixon, 1985) . The 90-day study in rats provided information that there is no health risk from repeated exposure of allethrin-based LMR. Findings of the present study are in support of the observations reported by Kadota et al. (1974) , who have shown no adverse effects in mice and rats exposed to d-allethrin (0.3%, 5 weeks) as mosquito coil.
It has been shown that exposure of allethrinbased LMR to developing rats for short duration has exerted toxic effects on the vital organs of animals, which recovered soon after the cassation of exposure (Gupta et al., 1999) . In the absence of significant differences in fertility index, body weight gain, gestation index, live pups /dam and sex ratio of the pups, any gross morphological malformations and pathomorphological changes in rats exposed to allethrin-based LMR confirms the lack of reproductive effects. The intake level of allethrin was not enough to cause any deleterious effects on spermatogenesis and ovarian cycle in male and female rats respectively, resulting in the absence of reproductive effects. Administration of allethrin to rabbits during 6-18 days of gestation indicated no compound-related changes as evidenced by pregnancy , implantation, number of live/dead fetuses, resorption and skeletal evaluation. (Weatherholtz, 1972) and Miyamoto (1976) have reported that allethrin (d-allethrin, S-bioallethrin) administered to ICR mice during gestation (day 7-12) had no significant adverse effects such as abortion, resorption of the fetus or embryo, external or skelethal abnormalities of pups or abnormalities in growth and organ differentiation. This further supports the observation of the present study in rats exposed to allethrin-based LMR. Similarly, studies of Tsuji et al. (2002) also report the lack of developmental toxicity in mice after neonatal exposure to d-allethrin. Since the pharmacokinetics of allethrin and its bioavailability to the organs of pups are unknown, the negative result may be either due to lack of toxic potential or lack of fetal exposure of the compound. It appears from the study that inhalation of allethrin-based LMR to rats for a long period has not produced any significant toxic symptoms or adverse effects on their vital organs and their reproductive indices. Furthermore, chronic and multigeneration reproduction studies suggeste a strengthened safety of allethrin-based LMR.
